Abstract In 1995, Yoshida and colleagues proposed
Introduction
In 1961, Sarles et al. reported a case of chronic idiopathic pancreatitis with hypergammaglobulinemia in which an immune mechanism was supposedly involved [1] . Thirty years later, Kawaguchi et al. described histopathological findings characterized by lymphoplasmacytic infiltration, storiform fibrosis, and obliterative phlebitis as lymphoplasmacytic sclerosing pancreatitis (LPSP) [2] . In 1995, Yoshida et al. proposed the concept of 'autoimmune pancreatitis' (AIP) [3] and in 2001 Hamano et al. reported that elevated serum immunoglobulin G4 (IgG4) levels are highly specific and sensitive for the diagnosis of AIP [4] . Thereafter, many investigators reported on the course and features of AIP and it is now accepted as a new clinical entity of pancreatic disorder [5] [6] [7] [8] . In 2003, Kamisawa et al. suggested that AIP is a systemic disease, based on their findings that the pancreas and other involved organs showed abundant infiltration of IgG4-positive plasma cells and fibrosis [9] .
There have been reports of another unique histological pattern in the resected pancreata of patients with chronic mass-forming nonalcoholic pancreatitis with epithelial destruction by granulocytes in Western countries [10, 11] . This pattern, which includes neutrophil infiltration within the lumen and epithelium of the interlobular ducts, is called idiopathic duct centric pancreatitis (IDCP) [10] , i.e., AIP with granulocyte epithelial lesions (AIP with GELs) [11] . In 2011, the International Consensus Diagnostic Criteria (ICDC) for autoimmune pancreatitis proposed the classification of AIP into type 1 AIP (LPSP) and type 2 AIP (IDCP) [12] . As most Japanese AIP cases are type 1 AIP (very few are type 2 AIP [13] ), we reviewed the recent advances in the diagnosis and pathophysiology of type 1 AIP.
Diagnosis of type 1 AIP
Currently, we can use two major diagnostic criteria in Japan. The first is ICDC, and the second is the clinical diagnostic criteria of AIP 2011 (JPS 2011), which was proposed by the Japan Pancreas Society (JPS) and the Research Committee of Intractable Diseases of the Pancreas (RCIDP) supported by the Japanese Ministry of Health, Labor, and Welfare [14] . The ICDC criteria correspond to the diagnostic methods of each country (both type 1 and type 2 AIP can be diagnosed). For example, the pancreatogram using endoscopic retrograde cholangiopancreatography (ERCP) has traditionally been an important tool used in the diagnosis of AIP in Japan historically; however, ERCP is not generally used for the diagnosis of AIP in Western countries. Thus, there are many factors that lead to a diagnosis using the ICDC, and a general gastroenterologist may find the ICDC to be complex. As a result, JPS 2011 was proposed based on ICDC and provides a simplified checklist of items in order to diagnose type 1 AIP. The main characteristics of JPS 2011 are (1) ERCP is not essential in diffuse-type 1 AIP; however, to distinguish focal-type AIP, ERCP is still essential, (2) serological findings are narrowed down to only IgG4, (3) clinical and histological features of other organ involvement (sclerosing cholangitis, sclerosing dacryoadenitis/sialoadenitis, retroperitoneal fibrosis) are considered in the diagnosis, (4) resected pancreata can be used for diagnosis, and (5) a steroid trial is added as an optional item.
Sumimoto et al. reported on the accuracy of the existing diagnostic criteria. The authors claim that ICDC has the highest accuracy when compared with other criteria [15] , and that the sensitivities of ICDC and JPS 2011 are 95.1 and 86.9 %, respectively. JPS 2011 contains diagnostic criteria for type 1 AIP; however, type 2 AIP can also be identified as a possible diagnosis. JPS 2011 requires ERCP for segmental/focal-type AIP disease, but not for typical diffuse-type AIP. A pancreatogram by endoscopic retrograde pancreatography (ERP) is useful for diagnosis [15, 16] , but it has been reported that post-ERCP pancreatitis occurred in 1.1 % of patients in Japan [17] . Endoscopic ultrasound-fine needle aspiration (EUS-FNA) procedures have been increasing in Japan, and may eventually become more common than ERCP. In the future, JPS 2011 will be modified to include EUS-FNA.
At our institute, we initially use CT scans to evaluate the enlarged pancreas followed by evaluation of the main pancreatic duct (MPD) by ERP. In order to distinguish AIP from pancreatic cancer, we essentially perform cytology and/or EUS-FNA. For pancreatic head lesions with obstructive jaundice or biliary enzyme abnormality due to biliary stricture, we first perform diagnostic and therapeutic ERCP. For pancreatic head lesions without obstructive jaundice or pancreatic body and/or tail lesions, we perform EUS-FNA followed by diagnostic and therapeutic ERCP. For pancreatic body or tail lesions, we first perform EUS-FNA [17] (Fig. 1) .
We speculate that two problems may arise with the spread of EUS-FNA due to the handling of small-tissue samples. One problem is that IgG4-positive cells may be detected in the sample of pancreatic cancer. Second, as opposed to type 1 AIP, type 2 AIP can be diagnosed correctly by viewing neutrophil infiltration. There have been several recent reports of IgG4-positive cells associated with pancreatic ductal adenocarcinoma [18] [19] [20] . Fukui et al. reported that of 21 cases of pancreatic ductal adenocarcinoma, the ratio of IgG4/IgG was [40 % in 9 (43 %), 6 (29 %) and 3 (14 %) cases of the main lesion of the cancer, a non-cancerous lesion around the cancer, and an obstructive pancreatitis lesion, respectively, according to the comprehensive diagnostic criteria for IgG4-related disease [21] . Using the comprehensive diagnostic criteria for IgG4-related disease, Another problem with small specimens and EUS-FNA is that neutrophil infiltration is not a characteristic finding of type 2 AIP. In general, it is thought that type 2 AIP is rare in Japan; however, there are some reports of its diagnosis by EUS-FNA [22, 23] . Mitsuyama et al. reported that there is no significant difference in neutrophil infiltration around the intralobular pancreatic ducts and that GELs may even be presented in the intralobular pancreatic ducts of patients with LPSP.
These results show that an AIP diagnosis must be made carefully based on the number of IgG4-positive plasma cells or neutrophils as well as the presence or absence of GELs with a small biopsied sample obtained by EUS-FNA.
Therapy for type 1 AIP
Glucocorticoids are the most common drug for type 1 AIP, and rapid response to glucocorticoids is one of the primary characteristics of type 1 AIP. A poor response to glucocorticoid steroid therapy might indicate misdiagnosis, especially in the case of pancreatic cancer. Although a randomized controlled trial has not yet been conducted, Japanese consensus guidelines have proposed a recommended initial oral prednisolone dose for induction of remission of 0.6 mg/kg/day, which is administered for 2-4 weeks. The dose is then tapered by 5 mg every 1-2 weeks to a maintenance dose (2.5-5 mg/day) that should be continued for 3 years as maintenance therapy [24] . A multicenter study in Japan reported that relapse occurred significantly less often during maintenance steroid therapy (23 %) than after the discontinuation of therapy (34 %) [25] . Tomiyama et al. reported a different useful induction of steroid therapy, i.e., mini-pulse therapy with methylprednisolone (500 mg/day, 3 days/week, 2 cycles) [26] , which yielded the same therapeutic effect as oral administration. Moreover, mini-pulse therapy is especially useful in the treatment of biliary lesions. It is worth nothing that maintenance therapy is not commonly used in America and European countries. At the Mayo Clinic, initial therapy with oral prednisolone of 40 mg/day for 4 weeks was tapered by 5 mg/week and discontinued after 11 weeks. Under this regimen, 16 (53 %) of 30 AIP patients associated with sclerosing cholangitis relapsed during a median follow-up period of 29.5 months [27] . Given these discrepancies, it seems that there is a need for international consensus about the role of maintenance therapy.
In most cases of relapsed AIP, re-administration or an increased dose of prednisolone is usually effective in Japan. In Western countries, there have been reports of concomitant use of immunosuppressants such as azathioprine, methotrexate, and mycophenolate mofetil for patients with type 1 AIP and IgG4-related sclerosing cholangitis who relapsed or who were resistant to steroid therapy [28] [29] [30] . In 2013, Hart et al. published a relatively large case series (n = 41) and a longer follow-up study [31] . The authors reported that relapse-free survival was similar when relapses were treated with corticosteroids and an immunomodulator compared with corticosteroids alone without maintenance treatment. Additionally, approximately 25 % of patients were unable to tolerate immunomodulator treatment and required drug discontinuation. Rituximab, a monoclonal anti-CD20 antibody, has also been successfully used to treat type 1 AIP patients [31, 32] . A recent clinical trial that evaluated rituximab for the treatment of IgG4-related disease showed effectiveness even without concomitant glucocorticoid therapy [33] . B-cell depletion may be effective for type 1 AIP because of its powerful association with pathogenesis. As rituximab is not yet approved for use in Japan, it is necessary to establish a second-line therapy for the patients who relapse with type 1 AIP.
Prognosis of type 1 AIP
The prognosis of type 1 AIP is thought to be good over the short-term with or without steroid therapy. The long-term prognosis, however, is not clear, because there are many unknown factors including the role of relapse, pancreatic exocrine or endocrine dysfunction, and associated malignancy including pancreatic cancer. Chronic pancreatitis has been reported as one of the risk factors for pancreatic cancer [34] . Some patients with type 1 AIP have been shown to develop pancreatic atrophy or pancreatic stones [31, 35, 36] . Furthermore, Ikeura et al. reported that patients with type 1 AIP have a higher risk of pancreatic cancer, similar to patients with ordinary chronic pancreatitis [37] . Shiokawa et al. reported that the risk of developing various cancers was highest during the first year after AIP diagnosis and speculated that AIP may be a manifestation of paraneoplastic syndrome. It is still unclear whether there is a definitive risk factor for malignancy. However, the risk of patients with type 1 AIP developing cancer is a very important consideration.
Pathophysiology of type 1 AIP
Recent studies have suggested possible multi-pathogenic factors in the development of type 1 AIP; however, the pathogenic mechanism of type 1 AIP still remains unclear. Watanabe et al. reported that activation of toll-like receptors (TLRs) and nucleotide-binding oligomerization domain (NOD)-like receptors in monocytes [38] and basophils [39] of patients with IgG4-RD induced IgG4 production by B cells from healthy controls via production 
CD24
? CD38
high Bregs increased, whereas CD19
?-
CD24 high CD27
? Bregs decreased in type 1 AIP [42] . Recently it was reported that plasmablast may play an important role in IgG4-related disease [43] . When considered in the context of the effectiveness of rituximab, it will be necessary to clarify the role of B cells in type 1 AIP.
The following is a hypothesis of the pathophysiology of type 1 AIP. Induction of type 1 AIP may be decreased in a number of naive Tregs and CD19
? CD24 high CD27 ? Bregs. On the other hand, inducible Tregs and CD19
? CD24
CD38
high Bregs can increase reactively. Th2 immune response supports disease progression, and it is thought that both innate and adaptive immunity affect the production of IgG4. ICOS-positive Tregs may regulate by secretion of IL-10. Moreover, basophil and monocytes are also regulated via TLR and NOD-like receptor signaling. Fibrosis may be regulated by TGF-b secreted from ICOS-negative Tregs and M2 macrophage, which perform a suppressive function against inflammation. M2 macrophages are also well known to accelerate Th2 immune response. Finally, M2 macrophages may also contribute to a Th2 immune response in type 1 AIP (Fig. 2) .
Conclusion
Type 1 AIP is now recognized as a pancreatic lesion of IgG4-related disease. However, many clinical and basic issues still remain unclear in cases of type 1 AIP including clinical features, diagnosis, treatment, prognosis, and pathogenesis. We believe we have provided a foundation to clarify some of these issues.
